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SOME TRENDS IN CURRENT RESEARCHES ON THE
VITAMIN B COMPLEX*
GEORGE R. COWGILL
In describing the present situation with respect to our knowledge
of thevitamin B complex** three topics appear to merit special atten-
tion because of the emphasis they are receiving in current research.
The problems of the physiological role of the antineuritic vitamin
and the exact chemical nature of this dietary essential still remain
unsolved; and at the present time, much attention is being paid to
those phenomena suggestive of the existence of several physiologi-
cally active substances in what was formerly called vitamin B.
No attempt will be made here to review the very extensive litera-
ture describing the studies aimed at elucidation of the physiological
function of antineuritic vitamin B. These may be found elsewhere.
Let it suffice to point out that vitamin B has been conceived as indis-
pensable for such widely different processes as 1, the mechanisms of
biochemical oxidations and reductions, 2, immunity reactions, 3, the
body's supply of enzymes and hormones, and 4, the metabolism of
carbohydrate, protein, and other substances. In spite of much
research on these various topics, the precise physiological role of this
vitamin remains a mystery.
One of the earlier views concerning beriberi considered this
disease as essentially a toxemia caused by a poison present in rice.
Braddon4 devoted his extensive monograph to an exposition and
defense of this thesis. The discovery of the antineuritic vitamin and
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** The nomenclature of vitamins has undergone modifications since Funk intro-
duced the term vitamine. McCollum and Kennedy proposed that the fat-soluble
factor necessary for growth be called fat-soluble A, and the growth-promoting water-
soluble substance, water-soluble B. Drummond suggested that the final "e" be
dropped, the group term, therefore, being spelled vitamin, a spelling which carries
no implication as to the molecular structure of these dietary essentials. The work of
Goldberger and associates and others has shown that what was formerly designated
vitamin B consists of at least two physiologically active substances, and these have
been called by American workers, vitamins B and G, and by the English investiga-
tors, B1 and B2. More recently evidence has been brought forward pointing to the
existence of still other B factors, which, in accordance with the English practice,
might be designated vitamins B,, B,, etc. The term vitamin B complex is a con-
venient one to use to designate the mixture of these B factors as occurring in
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the subsequent extensive researches by students of nutrition and
human beriberi have resulted in a rather general acceptance of the
view that beriberi is essentially a deficiency disease. Some clinicians,
however, particularly among the Japanese, still dissent from this
view. Teruuchi and associates4" have devoted much attention to
what has been called "oryzatoxin", which is prepared by alcoholic
extraction of polished rice, and have expressed the belief that both
human and experimental beriberi are due to poisoning by this
material. It is interesting, therefore, to read the recent paper by
Ohmori and associates29, in which are reported numerous experiments
designed to test the "oryzatoxin" theory of Teruuchi. These studies
confirm the view that vitamin B is an indispensable dietary factor,
and suggest, but do not determine conclusively, that "oryzatoxin"
plays little or no role in the development of beriberi.
Students of antineuritic vitamin B have long sought some physio-
logical sign, metabolic finding, or other criterion of a moderate lack
of this dietary factor but with only partial success. The anorexia
which occurs after subsistence on a vitamin B-deficient diet for an
appreciable period is a noteworthy phenomenon that may serve as a
valuable indication of lack of the antineuritic substance. In view of
the findings of Goldberger and associates"8 and of others that the
physiological properties of what was formerly called vitamin B arc
really due to two or more substances, it has become necessary to
examine more closely the conditions under which this characteristic
anorexia develops in order to determine whether it is due primarily
to lack of the antineuritic substance, or the "antidermatitis" (B2, G)
factor, or other unidentified substances. Observations on dogs"
mice2, and rats38 suggest that the chief factor of importance in pre-
venting this anorexia is the antineuritic vitamin, and that the heat-
stable "antidermatitis" "antipellagra" vitamin (B2, G) plays no role.
The studies of Burack and Cowgill', which included 199 tests with
different vitamin sources, were not entirely conclusive and their final
interpretation has awaited the results of further experiments involv-
ing parenteral administration of a concentrate of antineuritic vita-
min practically free from the heat-stable B2 (G) factor. These
additional studies are in progress; the results obtained thus far point
to the antineuritic substance as the agent responsible for the preven-
tion of this characteristic anorexia. The observations of Graham and
Griffith" on growing rats have been interpreted as indicating that
some substance aside from antineuritic vitamin B is necessary for
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maintenance of the appetite. In considering these findings it is per-
tinent to point out that Burack's results were obtained on adult dogs,
whereas the studies of Graham and Griffith were made on growing
rats. It is much easier to detect anorexia and to study it in detail
in the adult animal than it is in the case of the growing organism, in
which the processes of growth make changing and competing
demands upon the diet.
The neuromuscular manifestations of extreme vitamin B defi-
ciency are very striking and have long engaged the attentionofinves-
tigators. At the present time considerable interest attaches to the
studies of Kinnersley and Peters27' 28, who report that an increase in
lactic acid content of the brain parallels the development of the
neuritic symptoms of vitamin B deficiency and disappears soon after
administration of their concentrate of' the vitamin. Gavrilescu and
Peters" studied in vitro the oxygen uptake of various parts of the
brain of the pigeon exhibiting the opisthotonus characteristic of
advanced vitamin B deficiency. They reported a marked lowering
in the power to utilize oxygen as characteristic of all parts of the
brain except the cerebellum, a finding that is rather difficult to inter-
pret. It is quite likely that the severe neuromuscular manifestations
of vitamin B deficiency involve certain biochemical changes in the
central nervous system; and it seems reasonable to take the view that
these changes are peculiar to this advanced stage of the deficiency.
It is rather difficult to believe, however, that the essential role of
vitamin B is related to the function of certain localized parts of the
brain, when the chief pathological finding of note is a polyneuritis
or degeneration of the myelin sheaths of peripheral nerves".
These findings of Kinnersley and Peters are particularly inter-
esting because they have been interpreted as favoring the view set
forth much earlier by Funk"8, that vitamin B function is related to
carbohydrate metabolism, a hypothesis that has had considerable
debate because of contradictory findings of different investigators.
This problem has been attacked in various ways. The relation of
the amount of carbohydrate in the diet to the time required for
development of symptoms of vitaminBdeficiencyhasbeenexamined.
The recent study of Guha20 failed to reveal any relation between
vitamin B and the protein-carbohydrate ratio or the nature of the
carbohydrate in the diet. The blood-sugar concentration in the
B-deficient organism has also received renewed attention. With
respect to the existence of a hyperglycemia in the advanced stage of
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the deficiency, it appears from the work of Bell' that different species
behave differently. In pigeons, which normally show a fairly high
blood sugar, hyperglycemia may occur associated with the convulsive
stage of advanced B lack, in contrast to the rat, in which no increase
in blood sugar occurs, even during the convulsions. The dog,
according to Burack5, likewise shows practically no change in the
blood-sugar level that may be attributed specifically to lack of vita-
min B. Fluctuations in the level of blood sugar and their causes
are of particular importance when interpreting the studies of carbo-
hydrate tolerance in vitamin B deficiency. It has been shown in the
rabbit2" and in the dog'2 that fasting reduces the glucose tolerance.
In studies of the tolerance as affected by a regime of vitamin B
shortage, therefore, it becomes very important to control against the
effect of the starvation voluntarily imposed by the anorexia charac-
teristic of lack of this vitamin. When this is done5 it appears, in the
dog, at least, that one cannot say that the function of antineuritic
vitamin B is specifically related to carbohydrate metabolism.
The possible relation of vitamin B function to the metabolism of
protein and fat has also been considered. Reader and Drummond32
reported observations interpreted to mean that this dietary factor is
involved in the metabolic transformation of protein, but Francis,
Smith and Moise" were unabletoconfirmthis. SureandSmith38 39 40
have announced lipemia to be a diagnostic sign of lack of antineuritic
vitamin, but preliminary observations made in this laboratory* do
not accord with this view. Evans and Lepkovsky'4 have reported
that fat exerts a vitamin B-sparing action. These authors may have
generalized too widely, in view of the observations of Guha20 that
lard appears to have such an effect but that palm-kernel-oil and
olive-oil yield negative results. Evans and Lepkovsky used lard in
their test diets.
Although the exact chemical nature of vitamin B has not been
determined, much progress on the problem can be cited. Perhaps
the most striking report has been that of Jansen and Donath25, who
announced the isolation of a crystalline product, possessing the power
of preventing and curing polyneuritis in birds, and having the empir-
ical formula C6HoO N2 . HCI. The preparation of this material
from rice polishings involved, in part, adsorption of the active
principle on fuller's earth, a procedure first used in attempts at iso-
* Personal communication from E. Man and E. Burack.
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lation of the vitamin by Seidell35. The Committee, which met
recently to formulate international vitamin standards, adopted as the
present vitamin B standard33 the physiological activity of a fuller's
earth adsorbate prepared under certain specified conditions according
to the Seidell and Jansen-Donath technic.
The work of Jansen and Donath has been confirmed in a quali-
tative way byWilliams, Waterman and Gurin44. On the other hand,
Kinnersley and Peters26 have noted certain failures of this technic
when endeavoring to isolate vitamin B from yeast. The chemical
properties of the Jansen-Donath product indicate that the nitrogen is
involved in a ring, and these investigators suggested that the sub-
stance might be pyrimidine or glyoxaline in nature. As one test of
this hypothesis, 4-(or 5)-glyoxaline-methyl-ethyl carbinol was pre-
pared by Sahashi34 and it was found that injections of this into poly-
neuritic pigeons brought about temporary cure. A more rigid test
of this idea, under what appear to have been better controlled con-
ditions, was made by Gulland and Peters22, who experimented with
ten compounds containing glyoxaline or pyrimidine rings; only
negative results were obtained.
Much of the difficulty encountered in this work is doubtless due
to lack of a completely satisfactory biological test with which to
assay the numerous chemical fractions produced in such investiga-
tions. Guha and Drummond2" cite this as one reason for their
failure to confirm in all respects the work of Jansen and Donath,
Kinnersley and Peters, and others. Some workers have made their
tests on growing rats, others on polyneuritic animals; some tests
have been based on the prevention of polyneuritis and others on the
maintenance of body weight. Many of the assay methods have
involved feeding the test animals on diets deficient not only with
respect to vitamin B but other important nutrients as well. It is
obvious that failure of different investigators to use the same naethod
of assay makes it difficult, if not impossible in many instances, to
compare results satisfactorily.
Partly as a consequence of the use of so many different methods
for assaying materials for vitamin B, workers in this field have come
to realize that what was formerly called vitamin B really consists
of at least two, and probably more, physiologically active substances.
At the present time much research is being devoted to the study of
these newly appreciated factors. Workers in this field are quite
generally agreed that the vitamin B complex contains at least two
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distinct substances, the antineuritic or antiberiberi factor (vitamin B,
or B1 or F) and a substance (vitamin G or B2) sometimes described
as the "antipellagra" or "antidermatitis" vitamin, lack of which leads
to characteristic cutaneous manifestations. These two dietary essen-
tials are now so well recognized that it has become possible to assay
foods for their content of each5' 7.
Recently the existence of still other factors in the B complex has
been claimed by manyinvestigators. Hunt2'reported that the yeast
residue, from which antineuritic vitamin B (B1) and the heat-stable
"antidermatitis" (B2) factor had been removed, contains one or more
substances necessary for growth in young rats. This has been con-
firmed by Williams and Lewis42. It is important to emphasize that
experiments which include the feeding of yeast or residues of yeast,
involve the administration of very complicated mixtures of unknown
composition and, therefore, considerable caution should be exercised
in their interpretation. Coward, Kay and Morgan"0 reported that
boiling alcohol and ether extracts a thermolabile growth factor from
wheat embryo and claimed that it was distinct from the thermolabile
antineuritic factor of yeast, and that their new substance was not
present in yeast. Guha20 has recently reported similar findings
based upon studies of the nutritive value of milk. Chick and
Copping' have cited experiments in favor of the existence of a third
factor in the vitamin B complex. The existence of still another
dietary essential believed to be necessary for adequate nutrition of
birds is alleged by Williams and Waterman43 and by Eddy, Gurin
and Keresztesy"3. The evidence cited in favor of this claim consists
essentially in the failure of birds to regain lost weight after having
been cured of the gross manifestations of polyneuritis, or after
having subsisted on the experimental ration for long periods with
barely sufficient amounts of antineuritic vitamin administered as a
preventive against polyneuritis. The writer believes that the experi-
mental diets used in these studies are not above criticism, probably
being deficient in important known nutrients, and forthisreasonfinds
unconvincing the demonstration of a new "B" factor essential for
birds. The same objection applies to the confirmatory evidence
cited by Peters".
Much the same kind of proof is offered by Reader for her belief
in the existence of a B4 factor essential for the nutrition of the rat.
The method of assay for this substance involves production of poly-
neuritis in young rats, cure(?) of this by administration of a con-
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centrate of B1, the known antineuritic vitamin, and then administra-
tion of the food or chemical fraction under investigation; if the ani-
mal proceeds to regain its original body weight, the material
administered is believed to contain B4. Chick and Roscoe9, how-
ever, have pointed out that in such experiments the so-called "anti-
pellagra" (B2, G) vitamin was supplied by yeast that had been auto-
claved to destroy its antineuritic (B or B1) vitamin, and that a con-
siderable part of the "antipellagra" factor so necessary for growth
may be destroyed in the autoclaving, depending upon the conditions
under which this is carried out. Obviously, when the diet contains
an autoclaved yeast poor in vitamin B2 (G) and this product is being
relied upon to furnish enough of this factor, which-it fails to do, the
phenomena described by Reader might be observed and erroneously
regarded as evidence for the existence of a new factor in the vita-
min B complex. In the description of their improved method for
assaying foods for content of antineuritic vitamin, Chase and
Sherman7 emphasize the importance of determining by separate
tests, that the autoclaved yeast used in the test diets contains suffi-
cient amount of the "antidermatitis" B2 (G) vitamin, so that shortage
of this substance cannot operate as a factor in limiting growth under
the conditions of the assay.
In the course of their study aimed at isolation of the antineuritic
vitamin, Kinnersley and Peters26 made observations interpreted to
mean that still another important factor, B5, may be present in the
vitamin B complex. It should be pointed out that in these studies
the basal diet used in feeding the pigeons was essentially polished
rice supplemented by certain vitamin concentrates, and that use of
such a ration is open to criticism on the ground that it may be inade-
quate with respect to protein, minerals and fat-soluble vitamins.
It seems profitable to take the view that there are many unrecog-
nized substances of a vitamin nature related to antineuritic vitamin B
only in this respect, that they are likewise soluble in so universal a
solvent as water. With the advance of knowledge concerning the
numerous dietary factors that must be taken into account, and the
discovery of concentrates or pure preparations of them, it becomes
possible to repeat experiments-and find clues to other important fac-
tors that were previously unrecognized and supplied unwittingly in
the mixtures previously fed. This mode of advance applies particu-
larly to studies where growth is the criterion of nutritive success or
failure. Where a complex of symptoms is the phenomenon under
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observation, it becomes necessary to scrutinize with care the various
elements of the syndrome. The developments in the science of
nutrition during the past twenty-five years, particularly those leading
to the discovery of the vitamins, show that numerous repetitions of
feeding trials must of necessity be expected when working in this
field; and this need not be considered as a serious indictment of the
investigators but rather as due to the fact that an unusually large
number of variables operate in bringing about satisfactory nutrition,
and this mode of experimentation constitutes the best means of their
early discovery.
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